Sunflower (Helianthus annuus L.) is one of the important oilseed crops with a high oil percentage (45-50%) and oil quality. It can be grown in both the first and second crop production seasons in the Aegean Region with high yield capacity.
SUMMARY
Sunflower (Helianthus annuus L.) is one of the important oilseed crops with a high oil percentage (45-50%) and oil quality. It can be grown in both the first and second crop production seasons in the Aegean Region with high yield capacity.
According to the production data of 2008, sunflower was produced on 577,958 ha and 992,000 metric tons of sunflower seed were harvested in Turkey (Anonymous, 2010) . Because of the gap in vegetable oil production in Turkey, sunflower is one of the alternative and leading oilseed crops for increasing vegetable oil production. One possibility for increasing this production is for sunflower to also be grown as the second crop in the Aegean Region.
The mission of the Oilseed Research Project at the Aegean Agricultural Research Institute (AARI) is to reduce the cost of sunflower production by improving well adapted and high yielding varieties. A number of different approaches are utilized to achieve this goal. Improved germplasm for hybrid development and breeding lines of oilseed and confectionary type of sunflower germplasm (A, B and Rf lines) and also improved populations have been developed by conventional breeding techniques. To improve sunflower varieties with desired characters, genetic investigations and germplasm development of sunflower with improved yield, oil quality, resistance to disease [Sunflower rust (Puccinia helianthi Schw.)], insect, Orobanche sp., and adverse conditions are under consideration. The research program is aiming to develop oilseed and confectionary type of sunflowers for both the first and second crop production seasons.
Sunflower germplasm has been developed from sources such as cultivars, populations created through breeding methods, or inter-specific crosses with wild germplasm and then tested for general and specific combining abilities, oil percentage, and resistance to prevalent disease and adverse conditions to construct improved varieties. For hybrid variety development, combining ability studies in oilseed and confectionary sunflower breeding program were undertaken with line × tester analysis.
More than 2000 lines, candidate varieties, and commercial varieties were evaluated in preliminary and yield trials in the first and second crop produc-tion seasons. Variety performance tests and yield trials indicated that sunflower can be grown with satisfactory yield performance (approximately 500-550 kg da -1 ) in both the first and second crop production seasons in the The mission of the Oilseed Research Project is to develop improved germplasm by conventional breeding techniques for the Aegean Region. New germplasm, breeding lines, and hybrid varieties have been developed. To improve oilseed and confectionary sunflower varieties with desired characters, genetic investigations and germplasm development of sunflower with improved yield, oil quality, resistance to diseases, insects, Orobanche cumana, and adverse conditions are under consideration. These studies are also incorporated with agronomic and other related researches.
RESEARCH FINDINGS

Breeding and Genetics
In the breeding programme a number of different approaches are utilized. Combining ability studies in oilseed and confectionary sunflower breeding programs were undertaken with a set of line × tester including parents for the characters: seed yield, 1000-seed weight, days to flowering, days to physiological maturity, plant height, head diameter, stem diameter, oil content, fatty acid content (oleic, linoleic, palmitic, and stearic acids), protein content, seed length, seed width, and hull percentage. General (GCA) and specific combining abilities (SCA) of inbred lines and their hybrids were estimated in a line × tester analysis during the first and second crop production seasons in 1991. The variances due to GCA and SCA were highly significant for most of the characters in both environments. Based on GCA effects in the first and second crop production seasons, the inbreds (cms and Rf lines) exhibited desirable GCA effects and were found to be good general combiners for most of the traits. Thus, they can be exploited by further breeding for developing superior genotypes and hybrids of sunflower Tan, 2000a; Tan et al., 2003; Tan, 2004a; Tan, 2004b; Tan, 2004c; Tan, 2004d; Tan, 2005a; Tan, 2005b; Tan, 2009 ).
More than 200 oilseed-and confectionary-type cms and restorer (Rf) lines with higher GCA and SCA effects have been developed since 1983 (Tan, 2009 ).
Agronomic techniques have been applied for higher yield and to develop culturing techniques in sunflower.
On-farm research and adaptation studies (genotype × environment interaction) have been carried out to find out higher yielding varieties for different geographical regions and ecological conditions in both the first and second crop production seasons.
Evaluation and characterization of plant genetic resources to improve oilseed and confectionary types of sunflower germplasm and varieties are under consideration to maintain germplasm, regeneration and multiplication of plant genetic resources. These genetic studies allow us to develop new and desired sunflower germplasm (Tan et al., 2009) .
Genetic and inheritance studies in sunflower to understand the genetic makeup of traits and genetic inheritance including disease resistance [Such as Puccinia helianthi Schw.; Plasmopara halstedii (Farl.) Berl de Toni.] and to improve drought tolerant varieties etc. in the breeding programs are under consideration.
Sunflower germplasm has been developed from sources such as cultivars, populations created through breeding methods, or interspecific crosses with wild germplasm and then tested for general and specific combining abilities, oil percentage, and resistance to prevalent disease and adverse conditions in order to construct improved varieties.
In this project (Tan, 2009) in both the first and second crop production seasons in the Aegean Region of Turkey (Tan, 2006; Tan, 2007; Tan, 2009 ).
Rust race identification
Sunflower rust caused by Puccinia helianthi Schw. is considered one of the important foliar diseases of sunflower and is present wherever sunflower is grown in the world. The objective of this study was to identify the races of sunflower rust in the main sunflower production areas in Turkey. Experiments were conducted in six provinces (Aydin, Balikesir, Bursa, Denizli, Izmir, and Edirne) of Turkey in 1992. Race identification of P. helianthi was performed in field conditions. Eighteen differential genotypes were used to identify races of P. helianthi. Sunflower rust reactions of the differential genotypes were scored on a scale of 0 to 4, where 0 to 2 = resistant, 3 and 4 = susceptible. Race 1 of P. helianthi, the causal agent of sunflower rust, was identified at Menemen -Izmir, Susurluk-Balikesir, Koçarli-Aydin, Çivril-Denizli. However, Races 1 and 3 of P. helianthi were found in Bursa and Edirne (Tan, 1993b; Tan, 1994a; Tan, 1994b) .
Effect of plant population on seed yield, oil percentage and other plant characteristics in sunflower
In this study, the highest yield values, 2190 and 1920 kg ha -1 , were obtained with plant populations of 40,820 and 47,620 plants ha -1 , respectively. The most important observation was that the degree of lodging affected harvestable yield greatly. Lodging is associated with plant population size, stalk diameter, plant height, and wind speed. The number of lodged plants increased when plant population size was increased. The maximum wind speeds were 9.0 and 12.0 m s -1 in 1986 and 1987, respectively. The highest percentages of lodged plants were obtained at 95,240 plants ha -1 -69% and 19% in 1986 and 1987 , respectively (Tan and Karacaoglu, 1991a .
Effect of planting date on plant characteristics in sunflower
Effects of planting date on seed yield, oil content, fatty acid composition and other plant characteristics in sunflower (Helianthus annuus L.) were determined on seven planting dates including both the first and second crop production times. The highest yields were obtained with early planting in the first and second crop planting times (beginning of April and July, respectively). In general, oil content was not affected by planting times. However, the fatty acid composition was changed significantly by planting dates depending upon temperature. Oleic acid composition was 45% in the early planting time and as planting time was delayed it decreased to 25% in the late planting time. The linoleic acid proportion increased from about 45% to 65% with the delaying plantings. The changes in fatty acid composition can be associated with temperature during seed development of the crop. The plant height, head diameter, and 1000-seed weight were also negatively affected as planting date was delayed (Tan, 1991) .
On-farm study of Orobanche cumana Wallr.
Resistance and susceptibility of sunflower (Helianthus annuus L.) to Orobanche cumana Wallr. was determined under natural infection conditions. In this on-farm study, eight sunflower hybrids and the OP variety Vniimk-8931 were evaluated for their rates of resistance to O. cumana and for their agronomic performance. The hybrid variety TR 262 was consistently resistant, while the openpollinated variety Vniimk 8931 was found to be susceptible to Orobanche cumana Wallr. and had very low yield losses under natural infection. Since the hybrids TR 121, P 4014, Sunbred 262, TR 149, TR 270, Edirne 87, and IS 3312 had very low degrees of attack and infection rates, they could also be considered as resistant to Orobanche cumana Wallr. (Tan and Karacaoglu, 1991b) .
The effects of honeybee pollination on some economic characters of oil-type sunflower varieties
This study was conducted to determine the effect of honeybee pollination on oiltype sunflower varieties (Super-25, AS-503, and ETAE-Y1) in 1997 and 1998 at AARI in Menemen -Izmir. The experimental design was a randomized block with split plot arrangement with three replications. The main plots were assigned to the pollination treatments and the sub-plots to sunflower varieties. Plot size was 16.17 m 2 and the plant density was 40,816 plants ha -1 . The plots of the treatments were 1) plots with honeybee pollination, 2) plots caged to exclude honeybee and other insect pollination, and 3) and open-pollinated plots.
The objectives of this research were to determine the effect of honeybee pollination on sunflower yield (kg da -1 ), 1000-seed weight (g), plant height (cm), head diameter (cm), days to flowering, days to physiological maturity, oil percentage (%), protein percentage (%), hull percentage (%), and seed sizes.
The results of statistical analysis indicated a significant difference among the treatments. The pollination efficiencies of Apis mellifera L. were investigated in insect-proof field cages of sunflowers and compared with honeybee pollinated and open-pollinated plots.
On average, the seed yields of honeybee pollinated plants were 444 and 413 kg da -1 in 1997 and 1998, respectively. All cultivars showed a significant increase in yield in the presence of bees. Seed yields of honeybee pollinated plants of three different sunflower varieties were, on average, 95% higher than those on plots caged to exclude bees in 1997, while in 1998 they were 124% higher. Yields were higher on plots pollinated by honeybees than on those caged to exclude bees and those with open-pollinated plants, but the difference varied between cultivars and between years.
It is concluded that the use of honeybees for pollination also affected the seed size, 1000-seed weight, and oil and protein content (Tan, 2000b; Tan et. al., 2002) .
The effect of irrigation at various growth stages on some economic characters of first crop sunflower
This research on the optimum and more economical irrigation treatment for oil-type sunflower varieties (Super-25 and Trakya-129) was conducted in 1996 and 1997 at AARI (Menemen -Izmir) in collaboration with the Village Affairs Research Institute. The treatments were: 1. non-irrigated (control), 2. one irrigation at the beginning of heading stage, 3. one irrigation at the beginning of flowering (blooming) stage, 4. one irrigation at the beginning of milk stage, 5. two irrigations at the beginning of heading and blooming stages, 6. two irrigations at the beginning of heading and milk stages, 7. two irrigations at the beginning of blooming and milk stages, and 8. three irrigations at the beginning of heading, flowering and milk stages. The objectives of this research were: 1) to determine the number of irrigations during specific growth stages, and 2) measure the effect of irrigation on sunflower yield (kg da -1 ), 1000-seed weight (g), plant height (cm), head diameter (cm), days to flowering, days to physiological maturity, oil percentage (%), protein percentage (%), hull percentage (%), seed length (mm), seed width (mm), and stem diameter (cm). The results of statistical analysis showed a significant difference among the irrigation treatments. According to the results, the best yield was obtained with three irrigations -427 kg da -1 and 373 kg da -1 in 1996 and 1997, respectively. By contrast, 347 kg da -1 and 265 kg da -1 were obtained from the control (non-irrigated) plots in 1996 and 1997, respectively.
The marginal analysis method was used for economic analysis. Generally, both of the registered varieties showed positive response to the applications in question. The eighth application (three irrigations at the beginning of heading, flowering, and milk stages) seems as if it is the most profitable treatment in terms of having the highest gross revenues. However, it does not have the highest ratio of marginal revenue to marginal costs; but the second application (irrigation at the development of head stage) provides the highest marginal revenues for both varieties with the minimum level of variable costs (3130000 TL). According to the results, three irrigations (at the beginning of heading, flowering, and milk stages) can be applied for high yield, but one irrigation at the development of the head stage is recommended because of satisfactory yield and the maximum marginal revenue (Tan, 1992; Tan et al., 2000) .
Silage quality of sunflowers
Sunflower (Helianthus annuus L.) is known as a drought tolerant crop. Because of this property, it can be used as an alternative silage crop in both the first and second crop production seasons when irrigation is a limiting factor. This preliminary research was conducted to figure out the most suitable harvest stage of sunflowers for silage and evaluate silage quality of sunflowers harvested at different vegetation stages. In this study confectionary material ETAE-14 was planted by machine at a population of 40,816 plants ha -1 in 1993 at Menemen. Plants were harvested at five different growth stages (R3, R5.1, R5.5-5.9, R6, R9), cut about 0.8 -1.0 cm in length by the silage machine, and then stored in plastic barrels for silage. In the study, the material was evaluated for forage yield, flieg score, sensory quality, dry matter, crude protein, crude oil, crude fiber, N-free extract, ash, Ca, P, and pH. The study's results showed that harvesting sunflower for silage during the R6 stage (complete flowering stage) (Schneiter, and Miller, 1981) is the most suitable stage for silage (Tan and Tumer, 1996) .
CONCLUSIONS
In this research project, the desired oilseed and confectionary types of germplasm, populations, lines (cms and Rf), test hybrids, and varieties were developed in the breeding program and some additional agronomic studies were conducted to increase sunflower yield in the first and second crop production times in Turkey.
Research findings have been supported that instead of increasing the total acreage in sunflower production the second crop sunflower production can be used to increase sunflower production in Turkey. Therefore, the first and second crop sunflower productions should be considered in the Aegean Region in order to decrease the vegetable oil gap in Turkey.
